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(57) ABSTRACT 

Ascanner is provided With an illumination lamp for emitting 
light to a ?rst side of a document from one side of a transfer 
path and a CCD image sensor for receiving light re?ected 
from the ?rst side of the document, and a C15 provided in 
a document feeder is provided With an LED for emitting 
light to a second side of the document from the other side of 73 As' :F"X C.Ltd. 

( ) slgnee u‘ll erOX’ 0 ’ the transfer path and a line sensor for receiving light 

(21) APPL NO. 10/937 332 re?ected from the second side of the document. The illumi 
’ nation lamp is a Xenon lamp, and the LED is a White LED 

(22) Filed; Sep_ 10, 2004 having emission characteristics different from those of the 
Xenon lamp. To the CIS, a ?lter is attached, Which brings 

(30) Foreign Application Priority Data emission characteristics of light emitted from the LED onto 
a document closer to those of light emitted from the illu 

Jan. 23, 2004 (JP) .................................. .. P2004-015167 mination lamp onto the document. 
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FIG. 2 
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IMAGE READING APPARATUS AND IMAGE 
READING MODULE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an image reading 
apparatus Which captures images on a document, and more 
speci?cally, an image reading apparatus Which can capture 
images on both front and back sides of the document by 
single transfer. 

[0003] 2. Description of the Related Art 

[0004] Conventionally, as reading apparatuses such as a 
copying machine, a facsimile and a scanner for computer 
inputs, image reading apparatuses (automatic double side 
reading apparatuses) have been used Which automatically 
read image information on both front and back sides of a 
document Without intervention of users. Among these auto 
matic double side reading apparatuses, a method of reading 
by inverting the front and back sides of a document at a 
document inverting unit is Widely used. When inputting 
image information by front-back inversion, after images on 
the front side are read by a speci?c document reading unit, 
this document is inverted and conveyed again to this speci?c 
document reading unit and images on the back side are read. 
HoWever, in this automatic double side reading by method 
of front-back inversion, since it is required that the docu 
ment is inverted after being ejected and conveyed again to 
the document reading unit, this double side reading takes a 
long time, and this deteriorates the yield of double side 
reading. Therefore, for example, there is an art Which makes 
it possible that both sides of a document are automatically 
read by single transfer of the document Without front-back 
inversion by providing image sensors on both front and back 
sides of a document path in Which the document is con 
veyed. 

[0005] In addition, in conventional image reading appa 
ratuses, a method in Which a document is irradiated With 
light from a light source using, for eXample, a ?uorescent 
light, and light re?ected from the document is read by an 
image sensor through a mini?cation optical system, is 
Widely used. As an image sensor using this method, for 
eXample, a one-dimensional CCD (Charge Coupled Device) 
sensor is available, Which simultaneously processes one line. 
In this method, When reading of one line in the line direction 
(main scanning direction) is ?nished, the document is 
moved for a short distance in the direction (vertical scanning 
direction) orthogonal to the main scanning direction and the 
neXt line is read. This operation is repeated for the entire 
document siZe to complete reading of one page of the 
document. In addition, as a method for successively reading 
in the vertical scanning direction Without movement of the 
document, it is also possible that reading in the vertical 
scanning direction is successively carried out by moving a 
plurality of mirrors by movers such as full-rate carriages or 
half-rate carriages. 

[0006] In this reading method, as mentioned above, it is 
necessary that a document is irradiated With light from a 
light source and re?ected light is read by a CCD sensor 
through some mirrors, so that the Whole unit tends to be 
large in siZe. Particularly, in a case Where a plurality of 
image sensors must be provided for reading both sides of a 
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document Without inversion, it is difficult to provide such a 
plurality of CCD sensors due to limitations of space. There 
fore, in order to solve such a spatial problem, it has been 
considered that a small-shaped LED (Light Emitting Diode) 
is used as a light source and an image sensor called CIS 
(Contact Image Sensor) Which reads images by, for eXample, 
a linear sensor through a selfoc lens, is used. 

[0007] Generally, emission spectrum (relationship 
betWeen an emission Wavelength and emission intensity) 
greatly differs betWeen an LED and a ?uorescent light. 
Therefore, When a ?uorescent light is used as a light source 
of one reading unit and an LED is used as a light source of 
the other reading unit, the difference in emission spectrum 
betWeen the ?uorescent light and the LED poses the fol 
loWing problem When color images formed on both sides of 
a document are read as monochrome images. 

[0008] For eXample, a case Where a spectral re?ection of 
an image formed on a document has an inherent tendency 
(for eXample, including many images in blue) is considered. 
In the case, in a reading unit using a ?uorescent light as a 
light source, When blue components are included in the 
emission spectrum of the ?uorescent light, reading images 
corresponding to the densities of blue images can be out 
putted. On the other hand, in a reading unit using an LED as 
a light source, When blue components are rarely included in 
the emission spectrum of the LED, reading images corre 
sponding to the densities of the blue images cannot be 
outputted, so that reading signals corresponding to high 
density are normally outputted. Namely, due to the differ 
ence in emission characteristics betWeen the light sources, 
the density obtained With respect to the blue image differs 
betWeen the front and back sides. This problem may also 
occur in cases Where the image includes many components 
of other colors as Well as the image including many blue 
components. 

SUMMARY OF THE INVENTION 

[0009] The present invention has been made in order to 
address such a technical problem to reduce the density 
difference in read data betWeen the front and back sides in 
double side automatic reading in Which images on both front 
and back sides of a document are read by single transfer of 
the document. 

[0010] According to one aspect of the invention, there is 
provided an image reading apparatus including: a ?rst 
reading unit that captures an image on a ?rst side of a 
document, the ?rst reading unit including a ?rst light source 
for emitting light to the ?rst side of the document from one 
side of a transfer path on Which the document is conveyed 
and a ?rst sensor for receiving light re?ected from the ?rst 
side of the document; a second reading unit that captures an 
image on a second side of the document, the second reading 
unit including a second light source, Which has emission 
characteristics different from those of the ?rst light source, 
for emitting light to the second side of the document from 
the other side of the transfer path and a second sensor for 
receiving light re?ected from the second side of the docu 
ment; and a ?lter that is provided betWeen the second light 
source and the transfer path and brings the emission char 
acteristics of the light emitted from the second light source 
onto the document closer to those of the light emitted from 
the ?rst light source onto the document. 
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[0011] According to another aspect of the invention, there 
is provided an image reading apparatus including: a ?rst 
reading unit that captures an image on a ?rst side of a 
document as at least one of a color image and a monochrome 
image, the ?rst reading unit including a ?rst White light 
source for emitting light to the ?rst side of the document 
from one side of a transfer path on Which the document is 
conveyed and a ?rst sensor for receiving light re?ected from 
the ?rst side of the document; and a second reading unit that 
captures an image on a second side of the document as a 
monochrome image, the second reading unit including a 
second White light source for emitting light to the second 
side of the document from the other side of the transfer path 
and a second sensor for receiving light re?ected from the 
second side of the document. 

[0012] According to still another aspect of the invention, 
there is provided an image reading module including: a 
White LED that emits light to a document; a reading sensor 
that captures light emitted from the White LED and re?ected 
from the document as a monochrome image; and a housing 
that houses the White LED and the reading sensor. 

BRIEF DESCRIPTION OF THE DRAWING 

[0013] Embodiments of the present invention Will be 
described in detail based on the folloWings, Wherein: 

[0014] FIG. 1 is a draWing shoWing an image reading 
apparatus applied With this embodiment; 

[0015] FIG. 2 is a draWing for describing a reading 
structure using a CIS; 

[0016] FIG. 3 is a diagram for describing a focal depth as 
imaging characteristics of a lens; 

[0017] FIG. 4 is a block diagram for describing a proces 
sor; 

[0018] FIG. 5 is a ?oWchart shoWing an eXample of 
processing to be executed by an image reading control; 

[0019] FIGS. 6A and 6B are diagrams for describing a 
document path in one side reading by one passing and 
double side simultaneous reading by one passing; 

[0020] FIGS. 7A through 7B are draWings for describing 
the document path in double side reading by using an 
inverting path; 
[0021] FIG. 8A shoWs Wavelength-emission intensity 
characteristics of an illumination lamp (Xenon lamp) used in 
a scanner, and FIG. 8B shoWs Wavelength-emission inten 
sity characteristics of an LED (White LED) used in the CIS; 

[0022] FIG. 9 is a diagram shoWing Wavelength-transmit 
tance characteristics of a ?lter to be attached to the CIS; and 

[0023] FIG. 10 is a draWing for describing another struc 
ture eXample of the CIS. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0024] Hereinafter, embodiments of the present invention 
Will be described in detail With reference to the accompa 
nying draWings. 
[0025] FIG. 1 is a draWing shoWing an image reading 
apparatus applied With this embodiment. This image reading 
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apparatus is mainly divided into a document feeder 10 Which 
conveys documents one by one from a bundle of stacked 
documents, a scanner 70 Which reads-in images by scanning, 
and a processor 80 Which processes read-in image signals. 

[0026] The document feeder 10 has a document tray 11 for 
stacking a bundle of a plurality of documents, and a tray 
lifter 12 Which raises and loWers the document tray 11. The 
document feeder further has a nudger roll 13 that conveys 
documents on the document tray 11 raised by the tray lifter 
12, a feed roll that further conveys the documents conveyed 
by the nudger roll 13 to the doWnstream side, and a retard 
roll 15 Which handles the documents supplied by the nudger 
roll 13 one by one. The ?rst transfer path 31 to Which the 
documents are conveyed ?rst is provided With a take-aWay 
roll 16 that conveys the documents handled one by one to the 
doWnstream side roll, a pre-registration roll 17 that further 
conveys the documents to the doWnstream side roll and 
creates a loop, a registration roll 18that stops once and 
restarts rotating in timing With the reading start, that supplies 
the documents While applying registration adjustment to the 
document reading unit, a platen roll 19 that assists the 
transfer of the document in being read, and an out roll 20 that 
further conveys the read-in document to the doWnstream 
side. Furthermore, the ?rst transfer path 31 is provided With 
a baffle 41 that rotates around a fulcrum according to the 
loop status of the documents to be conveyed. Furthermore, 
betWeen the platen roll 19 and the out roll 20, a CIS (Contact 
Image Sensor) 50 that is the second reading unit in this 
embodiment is provided. 

[0027] On the doWnstream side of the out roll 20, a second 
transfer path 32 and a third transfer path 33 are provided, and 
a transfer path sWitching gate 42 for sWitching these transfer 
paths, an eject tray 40 for stacking documents that have been 
read-in, and a ?rst eject roll 21 for ejecting documents onto 
the eject tray 40, are provided. The document feeder is 
further provided With a fourth transfer path 34 for sWitch 
back of the documents that have passed through the third 
transfer path 33, an inverter roll 22 and an inverter pinch roll 
23 Which are provided in the fourth transfer path 34 and 
actually sWitches the documents back, a ?fth transfer path 35 
Which guides the documents sWitched back by the fourth 
transfer path 34 to the ?rst transfer path 31 including the 
pre-registration roll 17, etc., again, a siXth transfer path 36 
Which ejects the documents sWitched back by the fourth 
transfer path 34 onto the eject tray 40, a second eject roll 24 
Which is provided in the siXth transfer path 36 and conveys 
the documents to be invert-ejected to the ?rst eject roll 21, 
and an eXit sWitching gate 43 for sWitching the ?fth transfer 
path 35 and the siXth transfer path 36. These third transfer 
path 33, fourth transfer path 34, and ?fth transfer path 35 
form an inverting transfer path. 

[0028] In a standby status, the nudger roll 13 is lifted up 
and held at its WithdraWn position, and When conveying 
documents, it loWers to a nip position (document conveying 
position) and conveys a document top on the document tray 
11. The nudger roll 13 and the feed roll 14 carries out 
document transfer by linking With a feed clutch (not shoWn). 
The pre-registration roll 17 creates a loop by butting the 
front end of the document With the registration roll 18 that 
is stopped. At the registration roll 18, When creating a loop, 
the front end of the document caught around the registration 
roll 18 for loop creation is returned to the nip position. When 
this loop is created, the baffle 41 opens around the fulcrum 
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and functions so as not to obstruct the loop of the document. 
The take-aWay roll 16 and the pre-registration roll 17 hold 
the loop in reading-in. By this loop creation, the reading-in 
timing is adjusted and skeWs along With document transfer 
When reading-in is restrained, Whereby the positioning 
adjustment function can be improved. In timing With the 
reading start, the registration roll 18 that has been stopped 
starts rotating and the document is pressed against a second 
platen glass 72B (described later) by the platen roll 19, 
Whereby image data is read-in from the loWer surface side. 

[0029] When reading of a one-sided document or double 
side simultaneous reading of a double-sided document is 
?nished, the transfer sWitching gate 42 guides a document 
that has passed through the out roll 20 to the second transfer 
path 32 and makes sWitching so as to eject the document 
onto the eject tray 40. On the other hand, in the case of 
double side sequential reading of a double-sided document, 
this transfer path sWitching gate 42 is sWitched so that the 
document is guided to the third transfer path 33 for inverting 
the document. In the case of double side sequential reading 
of a double-sided document, the nipping of the inverter 
pinch roll 23 is released by retracting the feed clutch (not 
shoWn) in an off status, and a document is guided to the 
inverter path (fourth transfer path 34). Thereafter, this 
inverter pinch roll 23 is nipped to guide a document to be 
inverted by the inverter roll 22 to the pre-registration roll 17, 
and conveys a document to be invert-ejected to the second 
eject roll 24 of the siXth transfer path 36. 

[0030] The scanner 70 as a main body can be equipped 
With the abovementioned document feeder as a document 
conveyer, and supports this document feeder 10 by the 
scanner frame 71 in a manner enabling the feeder to open 
and close, and reads images on documents conveyed by the 
document feeder 10. This scanner 70 has, in the scanner 
frame 71 forming a casing, a ?rst platen glass 72A for 
placing a document to be image-read in a state of rest, and 
a second platen glass 72B forming a light opening for 
reading a document being conveyed by the document feeder 
10. 

[0031] The scanner 70 as the ?rst reading unit is at 
standstill under the second platen glass 72B, and has a full 
rate carriage 73 Which reads images by scanning the entirety 
of the ?rst platen glass 72A, and a half rate carriage 75 
Which supplies light obtained from the full rate carriage 73 
to an imaging unit. The full rate carriage 73 is provided With 
an illumination lamp 74 as the ?rst light source that irradi 
ates the document With light, and a ?rst mirror 76A that 
receives light re?ected from the document. The half rate 
carriage 75 is provided With a second mirror 76B and a third 
mirror 76C Which supply the light obtained from the ?rst 
mirror 76A to the imaging unit. Furthermore, the scanner 70 
has an imaging lens 77 Which optically mini?es optical 
images obtained from the third mirror 76C, a CCD (Charge 
Coupled Device) image sensor 78 as the ?rst sensor that 
photoelectrically converts optical images formed by an 
imaging lens 77, and a driving circuit board 79 including the 
CCD image sensor 78, and image signals obtained by the 
CCD image sensor 78 are transmitted to the processor 80 
through the driving circuit board 79. Herein, the CCD image 
sensor 78 is provided With a color sensor and a monochrome 
sensor, separately, Whereby it becomes possible for the CCD 
image sensor to read images on a document as color images 
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or monochrome images. Namely, the scanner 70 functions as 
a color/monochrome reading unit. 

[0032] Herein, ?rst, to read images on a document placed 
on the ?rst platen glass 72A, the full rate carriage 73 and the 
half rate carriage 75 move in the scanning direction (direc 
tion of the arroW) at a ratio of 2 to 1. In this case, light of 
the illumination lamp 74 of the full rate carriage 73 is 
emitted onto the side to be read of the document, and light 
re?ected from the document is re?ected by the ?rst mirror 
76A, the second mirror 76B, and the third mirror 76C in 
order, and guided to the imaging lens 77. The light guided 
to the imaging lens 77 is imaged on the light receiving 
surface of the CCD image sensor 78. The CCD image sensor 
78 is a one-dimensional sensor, Which simultaneously pro 
cesses one line. When reading of one line in the line 
direction (the main scanning direction) is ?nished, the full 
rate carriage 73 is moved in the direction (vertical scanning 
direction) orthogonal to the main scanning direction to read 
the neXt line of the document. This operation is carried out 
for the entirety of the document siZe, Whereby reading of one 
page of the document is completed. 

[0033] On the other hand, the second platen glass 72B is 
formed of a transparent glass plate having, for eXample, a 
long-length plate-shaped structure. The document conveyed 
by the document feeder 10 passes on this second platen glass 
72B. At this point, the full rate carriage 73 and the half rate 
carriage 75 are stopped at the positions shoWn by the solid 
lines in FIG. 1. Re?ected light of the ?rst line of the 
document that has passed the platen roll 19 of the document 
feeder 10 is imaged on the imaging lens 77 through the ?rst 
mirror 76A, the second mirror 76B, and the third mirror 
76C, and the images are read by the CCD image sensor 78 
as the ?rst sensor in this embodiment. Namely, after images 
of one line in the main scanning direction are simultaneously 
processed by the CCD image sensor 78 that is a one 
dimensional sensor, the neXt one line in the main scanning 
direction of the document conveyed by the document feeder 
10 is read-in. After the front end of the document reaches the 
reading position of the second platen glass 72B, When the 
document passes through the reading position of the second 
platen glass 72B, reading of one page in the vertical scan 
ning direction is completed. 

[0034] In this embodiment, it is possible that the second 
side of the document is read by the CIS 50 that is the second 
reading unit at a time (does not mean simultaneously, but 
means during transfer of the same document) When the 
document is conveyed for reading of the ?rst side of the 
document through the second platen glass 72B by the CCD 
image sensor 78 by stopping the full rate carriage 73 and the 
half rate carriage 75. Namely, by using the scanner 70 as the 
?rst reading unit and the CIS 50 as the second reading unit, 
during single transfer of a document to the transfer path, 
images on both front and back sides of this document can be 
read. 

[0035] FIG. 2 is a draWing for describing a reading 
structure using the CIS 50 as an image reading module. As 
shoWn in FIG. 2, the CIS 50 is provided betWeen the platen 
roll 19 and the out roll 20. The one side (?rst side) of the 
document is pressed against the second platen glass 72B, 
and images on this ?rst side are read by the CCD image 
sensor 78. On the other hand, at the CIS 50, images on the 
other side (second side) are read from the other opposite side 
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through the transfer path for conveying the document. This 
CIS 50 has a housing 50a that is shaped rectangular paral 
lelepiped and has an opening formed on the bottom, a ?lter 
51 simultaneously serving as a cover attached to the opening 
of the housing 50a, an LED (Light Emitting Diode) 52 as a 
second light source that irradiates the second side of the 
document With light by transmission through the ?lter 51, a 
selfoc lens 53 as a lens array for condensing light re?ected 
from the LED 52, and a line sensor 54 as a second sensor for 
reading light condensed by the selfoc lens 53. As the line 
sensor 54, a CCD or CMOS sensor, a close contact sensor 

or the like can be used, Which can read an image With actual 
dimensions (for example, 297 mm length of A4). The line 
sensor 54 can read images on the document as monochrome 
images since it is provided With only a monochrome sensor. 
Namely, the line sensor 54 functions as a monochrome 
reading sensor, and the CIS 50 functions as a monochrome 
reading unit. In the CIS 50, images are read by using the 
selfoc lens 53 and the line sensor 54 Without using a 
mini?cation optical system, thereby simplifying the struc 
ture, doWnsiZing the casing, and reducing poWer consump 
tion. 

[0036] In addition, in the case of image reading by the CIS 
50, the transfer path forming this reading unit is provided 
With a control member 55 extending from the casing of the 
CIS 50, and a butting member 60 for butting a sheet pressed 
by the control member 55. At the doWnstream side of this 
butting member 60, a guide member 61 is provided, and 
betWeen this guide member 61 and the butting member 60, 
an opening 63 is formed, and at a portion of the loWer part 
of the guide member 61 continued to the opening 63, a dust 
hole 62 for collecting dust and dirt adhering to the surface 
of the document is provided. The control member 55 and the 
butting member 60 are provided in the direction orthogonal 
to the document transfer path (that is, the direction from the 
front side to the rear side of the document feeder) across the 
front side and the rear side of the document feeder corre 
sponding to the position of the transfer path. 

[0037] The CIS 50 uses the selfoc lens 53 as the optical 
imaging lens, so that its focal depth (depth of ?eld) is 
shalloW. FIG. 3 is a diagram for describing the focal depth 
as lens imaging performance. This FIG. 3 shoWs an example 
of MTF (Modulation Transfer Function) of the lens depth 
(7.8 Lp/mm) using a mini?cation optical system of the 
scanner 70, etc., of this embodiment and an example of MTF 
of the lens depth (6 Lp/mm) using the selfoc lens 53. This 
“Lp/mm” indicates a value shoWing hoW many black and 
White ladder patterns exist in 1 mm. The MTF indicates hoW 
faithfully the spatial information (contrast) of a subject is 
reproduced from the loW frequency band (rough stripe) to 
the high frequency band (?ne stripe) by using frequency 
characteristics. The vertical axis of FIG. 3 indicates MTF 
(%), and the horiZontal axis indicates a condition of sepa 
rating on the 1 mm basis from the best focal position on the 
platen glass, and a condition of approaching on the 1 mm 
basis to the best focal position. 

[0038] For example, When the target value of MTF is set 
to 20% or more for reading a document, in the case Where 
the scanner 70 of this embodiment is used, even at :4 mm, 
?xed focusing is obtained and a deep depth of ?eld can be 
secured. On the other hand, When the selfoc lens 53 is used 
and the target value of MTF is set to 20% or more, the depth 
of ?eld becomes as shalloW as 10.3 mm, and this value is 
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approximately 1/13 of that in the case using the scanner 70. 
Namely, When reading by using the CIS 50 of this embodi 
ment, it is required that the document reading position is 
determined Within a predetermined narroW range. 

[0039] Therefore, in this embodiment, the control member 
55 is provided and a document is conveyed by being pressed 
against the butting member 60 by the control member 55 so 
that the posture of the document betWeen the platen roll 19 
and the out roll 20 is stably controlled. The “sheet motion B” 
shoWn by the solid arroW in FIG. 2 shoWs the motion of a 
sheet When the control member 55 does not exist, and the 
“sheet motion A” shoWn by the alternate long and short 
tWo-dashed line shoWs the motion of a sheet When the 
control member 55 exists. The “sheet motion A” shoWs that 
the document is conveyed by being pressed against the 
butting member 60. Namely, by reading a document con 
veyed by the control member 55 While being pressed against 
the butting member 60, insufficient focusing is improved. 

[0040] Next, the processor 80 shoWn in FIG. 1 is 
described. 

[0041] FIG. 4 is a block diagram for describing the 
processor 80. The processor 80 applied With the invention 
mainly includes a signal processing unit 81 Which processes 
image information obtained from sensors (the CCD image 
sensor 78 and the line sensor 54), and a control unit 90 Which 
controls the document feeder 10 and the scanner 70. The 
signal processing unit 81 has an AF E (Analog Front End) 82 
for processing analog signals, an ADC (Analog to Digital 
Converter) 83 for conversing analog signals into digital 
signals, and a digital processing unit 84 for applying various 
processing including shading correction and off-set correc 
tion, etc., to digital signals, and digital image signals pro 
cessed by the digital processing unit 84 are outputted to a 
host system and outputted to, for example, a printer as image 
information. 

[0042] On the other hand, the control unit 90 has an image 
reading control 91 for carrying out controls of the entirety of 
the document feeder 10 and the scanner 70 including various 
double side reading controls and one-side reading control, a 
CCD/CIS control 92 for controlling the CCD image sensor 
78 serving as the ?rst sensor and the CIS 50, a lamp control 
93 for controlling the LED 52 of the CIS 50 and the 
illumination lamp 74 of the full rate carriage 73 in timing 
With reading, a scanning control 94 Which turns a motor in 
the scanner 70 on/off and controls the scanning operations of 
the full rate carriage 73 and the half rate carriage 75, and a 
transfer mechanism control 95 Which controls a motor in the 
document feeder 10, the operations of the various rolls and 
the feed clutch, and gate sWitching operations, etc. From 
these controls, control signals are outputted to the document 
feeder 10 and the scanner 70, and based on these control 
signals, operations of these devices can be controlled. The 
image reading control 91 sets a reading mode and controls 
the document feeder 10 and the scanner 70 based on control 
signals from the host system, sensor outputs detected 
according to, for example, the auto select reading function, 
and a selection made by a user, etc. 

[0043] Herein, in this embodiment, When reading images 
by document transfer by the document feeder 10, a docu 
ment conveyed to the platen roll 19 can be read by using the 
scanner 70 (CCD image sensor 78) through the second 
platen glass 72B, and can be read by using the CIS 50 
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provided in the document feeder 10. However, as mentioned 
above, the focal depth differs in the case of reading by the 
CCD image sensor 78 using the mechanism of the scanner 
70 and in the case of reading by using the selfoc lens 53 of 
the CIS 50, resulting in a difference in resolution. Particu 
larly, When reading color images of photographs, etc., color 
matching betWeen these cases becomes difficult, and the 
image quality differs betWeen these reading manners. There 
fore, in this embodiment, a plurality of reading modes are 
prepared so as to make it possible to select an optimum 
mode based on the setting conditions of the devices, the type 
of document, and a selection made by a user. 

[0044] FIG. 5 is a ?oWchart shoWing an eXample of 
processing to be executed by the image reading control 91 
shoWn in FIG. 4. In the image reading control 91, ?rst, it is 
judged Whether or not documents to be conveyed are one 
sided documents (Step 101). This judgment can be made by, 
for eXample, a selection made by a user by using a control 
panel (not shoWn) provided on the scanner 70, and by 
sensors (not shoWn) provided on both sides of the ?rst 
transfer path 31 before reading images When the auto select 
reading function Works. Furthermore, it is considered that 
the judgment is made based on requirements from the host 
system or a selection made by a user through a netWork, etc. 
When the documents are judged as one-sided in this Step 
101, one side reading is carried out by one passing (only one 
passing through the document transfer path Without use of 
the inverting path) (Step S102). In this one side reading by 
one passing, any of a reading by the CCD image sensor 78 
and reading by the CIS 50 can be selected, hoWever, to 
realiZe image reading With higher image quality, it is pref 
erable that reading by the CCD image sensor 78 is selected. 
In this case, on the document tray 11, the documents are set 
so that the image sides are turned up and the ?rst page of the 
documents comes to the top, and documents are conveyed 
and read in order from the ?rst page. 

[0045] Herein, When the documents are not one-sided 
documents, that is, When the documents are double-sided, it 
is judged Whether or not monochrome reading of the docu 
ments has been speci?ed by a user (Step S103). This 
judgment of Step S103 is made based on a selection made 
by a user. Therefore, even When the documents are color 
documents, if the user desires monochrome reading, mono 
chrome reading is selected. When monochrome reading is 
not carried out, that is, When color reading is carried out, 
double side reading is carried out by using the inverting path 
(Step S104). Namely, Without reading by the CIS 50, the ?rst 
and second sides of the documents are read by the CCD 
image sensor 78 as the ?rst sensor. Thereby, for the ?rst and 
second sides of the documents, double side reading With 
high image quality by using a reading method With a deep 
focal depth can be carried out. 

[0046] On the other hand, When monochrome reading is 
carried out in Step S103, double side simultaneous reading 
is carried out by one passing Without using the inverting path 
(Step S105). Namely, the ?rst side is read by the CCD image 
sensor 78 as the ?rst sensor, and in the same transfer path for 
reading, the second side is read by the CIS 50. Thereby, it is 
not necessary to convey the document tWice to the same 
reading unit, and the document reading speed is improved 
and the transfer path is simpli?ed. Therefore, document 
transfer troubles such as document jam, etc., can be pre 
vented. As described above, “simultaneous reading” does 
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not necessarily mean temporal synchroniZation, but means 
that both sides are read in the same period by one passing. 

[0047] Next, the methods for conveying a document in the 
respective document reading modes are described With 
reference to FIGS. 6 and 7. 

[0048] FIGS. 6A and 6B shoW a document path in the 
one-side reading mode by one passing shoWn in Step S102 
of FIG. 5, and a document path in the case of double side 
simultaneous reading by one passing shoWn in Step S105, 
respectively. As shoWn in FIG. 6A, documents placed on the 
document tray 11 are successively supplied to the ?rst 
transfer path 31 by the nudger roll 13, the feed roll 14, the 
retard roll 15, and the take-aWay roll 16. As shoWn in FIG. 
6B, the supplied documents pass through the reading unit of 
the platen roll 19 and the reading unit of the CIS 50 and 
move to the second transfer path 32 by the transfer path 
sWitching gate 42, and are successively ejected onto the eject 
tray 40. In the case of one side reading, at the point of the 
platen roll 19, reading is carried out from beloW by using the 
CCD image sensor 78 of the scanner 70 shoWn in FIG. 1. As 
described above, one side reading by using the CIS 50 is also 
possible. In the case of double side simultaneous reading by 
using one passing, the ?rst side is read by using the CCD 
image sensor 78 of the scanner 70, and the second side is 
read by using the CIS 50 during the same transfer period. 
Thereby, double side reading can be carried out by one 
document passing. 
[0049] FIGS. 7A through 7B are draWings for describing 
double side reading by using the inverting path shoWn in 
Step S104 of FIG. 5. As shoWn in FIG. 7A, documents 
placed on the document tray 11 are successively supplied to 
the ?rst transfer path 31, and read at the point of the platen 
roll 19 from beloW by using the CCD image sensor 78 of the 
scanner 70 shoWn in FIG. 1. Then, the documents pass 
through the third transfer path 33 by the transfer path 
sWitching gate 42 and move to the fourth transfer path 34. 
A document that has completely passed through the third 
transfer path 33 is sWitched back by the inverter roll 22 and 
the inverter pinch roll 23 and supplied to the ?fth transfer 
path 35 as shoWn in FIG. 7B. 

[0050] The document supplied to the ?fth transfer path 35 
is supplied to the ?rst transfer path 31 again. Then, as shoWn 
in FIG. 7C, the document is read by the CCD image sensor 
78 of the scanner 70 from beloW. At this point, the document 
is turned upside doWn from a state shoWn in FIG. 7A, and 
the second side that is the back side of the ?rst side is read. 
The document Whose second side has been read is upside 
doWn, and therefore, if the document is ejected onto the eject 
tray 40 as it is, the page numbers of the stacked documents 
after being read are disordered. Therefore, as shoWn in FIG. 
7C, the document Whose second side has been completely 
read is conveyed to the fourth transfer path 34 through the 
third transfer path 33 by using the transfer path sWitching 
gate 42. The document that has been supplied to the fourth 
transfer path 34 and completely passed through the section 
of the eXit sWitching gate 43 is ejected onto the eject tray 40 
through the siXth transfer path 36 by the eXit sWitching gate 
43 as shoWn in FIG. 7D. Thereby, in the ?rst double side 
reading mode in Which images on both front and back sides 
of documents are successively read, it becomes possible to 
correct the page order of the documents after being read. 

[0051] Herein, FIG. 8A shoWs the Wavelength-emission 
intensity characteristics of the illumination lamp 74 (Xenon 
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lamp) as the ?rst White light source to be used in the scanner 
70, and FIG. 8B shows the Wavelength-emission intensity 
characteristics of the LED 52 (White LED) to be used in the 
CIS 50. 

[0052] In this embodiment, as the illumination lamp 74, a 
Xenon lamp Which emits light by means of Xenon gas 
discharge is used. As seen in FIG. 8A, the Xenon lamp emits 
light over almost the entire range of visible light Wave 
lengths. Therefore, the illumination lamp 74 composed of a 
Xenon lamp serves as a ?rst White light source. On the other 
hand, as the LED 52, a so-called White LED is used Which 
emits White light by using an LED that emits blue light or 
light having a near-ultraviolet Wavelength by electrolumi 
nescence, and a ?uorescent material Which emits light by 
photoluminescence. As seen in FIG. 8B, the White LED also 
emits light over the entire range of visible light Wavelengths. 
Therefore, the LED 52 composed of the White LED serves 
as a second White light source. 

[0053] As seen in FIGS. 8A and 8B, the Xenon lamp and 
the White LED emit light over the entire range of visible 
light Wavelengths, hoWever, their emission patterns are 
greatly different. The White light source mentioned herein 
means a light source Which emits light over almost the entire 
range of visible light Wavelengths, and it is unrelated to 
Whether or not the resultant visible color is White. 

[0054] FIG. 9 shoWs the Wavelength-transmittance char 
acteristics of the ?lter 51 attached to the C15 50. FIG. 9 also 
shoWs the emission pattern of the abovementioned LED 52 
(White LED). The Wavelength-transmittance characteristics 
of this ?lter 51 are determined on the basis of the folloWing 
equation. 

Correcting ?lter characteristics : [Equation 1] 

Xe lamp emission characteristicsX 

Imaging lens characteristicsx 

CCD image sensor sensitivity 

Image sensor sensitivity 

[0055] The ?lter 51 is formed by depositing a predeter 
mined thin ?lm according to required transmittance charac 
teristics made of metal or oxide, etc., on a substrate made of 
a glass transparent in the visible range. In the C15 50 in this 
embodiment, light emitted from the LED 52 permeates 
through the ?lter 51 tWice before reaching the line sensor 54, 
so that the ?lter 51 is designed by considering this. Namely, 
designing is determined by shifting the ?lter 51 so as to 
increase its transmittance greater than the pro?le determined 
by Equation 1 in order to obtain a desired transmittance 
determined by Equation 1 by tWice permeation through the 
?lter 51. 

[0056] In this embodiment, by attaching the ?lter 51 
having the Wavelength-transmittance characteristics 
designed based on Equation 1 to the C15 50, the Wavelength 
distribution of light emitted from the C15 50 side onto the 
document, that is, light that has been emitted from the LED 
52 and permeated through the ?lter 51 can be roughly 
matched With the Wavelength distribution of the light emit 
ted from the illumination lamp 74 (Xenon lamp) of the 
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scanner 70 onto the document. Thereby, the same image 
reading conditions can be set for the front and back sides of 
the document. Therefore, in this embodiment, When double 
side reading is carried out by one passing, that is, When 
images (in particular, color images) formed on both sides of 
the document are read as monochrome images, the image 
density can be matched betWeen the front and back sides. 

[0057] Furthermore, in this embodiment, since the LED 52 
is used as the light source for the C15 50 of the document 
feeder 10, in comparison With the case using a Xenon lamp 
or the like as the light source, the C15 50 and the document 
feeder 10 to Which the C15 50 is attached can be doWnsiZed 
and lightened in Weight. Furthermore, by employing the 
LED 52 as a light source, the poWer consumption can be 
reduced to 10% or less than in the case of using a Xenon 

lamp as the light source. Moreover, in this embodiment, the 
LED 52 is used as the light source of the C15 50 attached to 
the document feeder 10, so that the C15 50 can be doWnsiZed 
and the document feeder 10 can also be doWnsiZed. In 
addition, since the C15 50 can be doWnsiZed, it becomes 
possible to form an inverting transfer path for inverting 
transfer of a document into the document feeder 10. 

[0058] In the invention, in the C15 50 having only the 
monochrome sensor for reading monochrome images as the 
line sensor 54, since the White LED that emits light in a Wide 
Wavelength band is used as the LED 52 for irradiating the 
document With light, shading of images can be reproduced 
in the entire visible light range When reading color images 
on a document as monochrome images. 

[0059] In addition, in this embodiment, the ?lter 51 is 
attached to only the C15 50, hoWever, the invention is not 
limited to this, and it is possible that the ?lter is provided at 
the scanner 70 as appropriate. 

[0060] Furthermore, in this embodiment, the ?lter 51 also 
simultaneously serves as a cover of the C15 50, hoWever, the 
invention is not limited to this, and it is also possible that, for 
eXample, as shoWn in FIG. 10, the ?lter 51 is disposed in 
close contact With the selfoc lens 53 provided inside the C15 
50 and a glass-made cover 56 is attached to the opening side 
of the C15 50. In this case, light emitted from the LED 52 
permeates the ?lter 51 only once before reaching the line 
sensor 54, so that the ?lter 51 is designed by considering 
this. 

[0061] The foregoing description of preferred embodi 
ments of the invention has been presented for purposes of 
illustration and description. It is not intended to be exhaus 
tive or to limit the invention to the precise form disclosed, 
and modi?cations and variations are possible in light of the 
above teachings or may be acquired from practice of the 
invention. The embodiments Were chosen and described in 
order to eXplain the principles of the invention and its 
practical application to enable one skilled in the art to utiliZe 
the invention in various embodiments and With various 
modi?cations as are suited to the particular use contem 
plated. It is intended that the scope of the invention be 
de?ned by the claims appended hereto, and their equiva 
lents. 

What is claimed is: 
1. An image reading apparatus comprising: 

a ?rst reading unit that captures an image on a ?rst side 
of a document, the ?rst reading unit including a ?rst 
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light source for emitting light to the ?rst side of the 
document from one side of a transfer path on Which the 
document is conveyed and a ?rst sensor for receiving 
light re?ected from the ?rst side of the document; 

a second reading unit that captures an image on a second 
side of the document, the second reading unit including 
a second light source, Which has emission characteris 
tics different from those of the ?rst light source, for 
emitting light to the second side of the document from 
the other side of the transfer path and a second sensor 
for receiving light re?ected from the second side of the 
document; and 

a ?lter that is provided betWeen the second light source 
and the transfer path and brings the emission charac 
teristics of the light emitted from the second light 
source onto the document closer to those of the light 
emitted from the ?rst light source onto the document. 

2. The image reading apparatus according to claim 1, 
Wherein 

the ?rst light source is a Xenon lamp, and 

the second light source is a White LED. 
3. The image reading apparatus according to claim 1, 

Wherein 

the ?rst sensor is a ?rst image sensor for capturing the 
light re?ected from the ?rst side of the document 
through a mini?cation optical system, and 

the second sensor is a second image sensor for capturing 
the light re?ected from the second side of the document 
from a distance shorter than that of the ?rst sensor. 

4. The image reading apparatus according to claim 1, 
Wherein the ?lter simultaneously serves as a cover for 
protecting the second reading unit. 

5. An image reading apparatus comprising: 

a ?rst reading unit that captures an image on a ?rst side 
of a document as at least one of a color image and a 
monochrome image, the ?rst reading unit including a 
?rst White light source for emitting light to the ?rst side 
of the document from one side of a transfer path on 
Which the document is conveyed and a ?rst sensor for 
receiving light re?ected from the ?rst side of the 
document; and 

a second reading unit that captures an image on a second 
side of the document as a monochrome image, the 
second reading unit including a second White light 
source for emitting light to the second side of the 
document from the other side of the transfer path and 
a second sensor for receiving light re?ected from the 
second side of the document. 
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6. The image reading apparatus according to claim 5, 
Wherein 

the ?rst White light source emits the light by means of gas 
discharge, and 

the second White light source emits the light by means of 
electroluminescence. 

7. The image reading apparatus according to claim 5, 
Wherein the second reading unit further includes a ?lter for 
matching a Wavelength distribution of at least one of the 
light emitted from the second White light source onto the 
document and the light re?ected from the second side of the 
document With a Wavelength distribution of the light emitted 
from the ?rst White light source. 

8. The image reading apparatus according to claim 5, 
further comprising 

a main body; and 

a document feeder that is provided separately from the 
main body in a manner capable of being opened and 
closed With respect to the main body, Wherein 

the ?rst reading unit is provided in the main body, and 

the second reading unit is provided in the document 
feeder. 

9. The image reading apparatus according to claim 8, 
Wherein the document feeder further includes an inverting 
transfer path for inverting front and back sides of a docu 
ment Whose image has been captured by the ?rst sensor and 
conveying the document to the transfer path. 

10. An image reading module comprising: 

a White LED that emits light to a document; 

a reading sensor that captures light emitted from the White 
LED and re?ected from the document as a mono 
chrome image; and 

a housing that houses the White LED and the reading 
sensor. 

11. The image reading module according to claim 10, 
further comprising a selfoc lens provided in the housing, 
Which condenses the light re?ected from the document and 
outputs the condensed light to the reading sensor. 

12. The image reading module according to claim 10, 
further comprising a ?lter that corrects a pro?le of at least 
one of the light emitted from the White LED and the light 
re?ected from the document to a predetermined pro?le. 

13. The image reading module according to claim 10, 
Wherein the White LED generates White light by an LED, 
Which emits one of blue light and light having a near 
ultraviolet Wavelength, and a ?uorescent material that ?uo 
resces based on the emission of the LED. 

* * * * * 


